Using a sample of 21 OECD-countries we measure productivity in top-edge economic research by using data envelopment analysis (DEA). DEA is a tool for evaluating relative efficiency and is widely used when there are multiple inputs and outputs and one lacks a specific functional form of a production function. The publications in 10 economics journals with the highest average impact factor over the time period 1980-1998 are taken as research output. Inputs are measured by R&D expenditures, number of universities with economics departments and (as uncontrolled variable) total population. Under constant returns-to-scale the USA are in dominant position with remarkable distance to other countries. Under variable returns-to-scale the efficiency frontier is created by the USA with most productive scale size (MPSS), and by Ireland and New Zealand, which are technical efficient but scale inefficient. All countries -except the USA -display increasing returns-to-scale, which shows that they have a possibility to improve their efficiency by scaling up their research activities.
Introduction
Rankings of economists or economic departments are en vogue in recent years. In 2000, for instance, the European Economic Association has awarded contracts for carrying out the task of ranking economics departments throughout Europe and of comparing them with the top US departments. Kalaitzidakis et al. (1999) have already contributed a paper on European economics, providing a ranking of European research institutions based on publications in core journals of economics. Eichenberger and Frey (2000) present a list of Europe's eminent economists based on actual citations of an economist's papers in the Social Science Citation Index (SSCI).
A common feature of these papers as well as related ones (see, for instance, Bairam, 1994; Elliott et al., 1998; Hodgson and Rothman, 1999; Coupé, 2000) is the fact that research output is evaluated by simply adding up appropriately defined output measures like citations or publications.
1 Needless to say that, from an economic point of view, it would be desirable to incorporate some kind of input measure as well in order to obtain a comparison or meaningful ranking. This basic insight has been taken into account in an increasing number of studies which attempt to rank economics departments by considering as inputs, e.g., faculty size, the ratio of faculty per students, the number of federal grants or the expenditures on library acquisitions (Conroy and Dusansky, 1995; Scott and Mitias, 1996; Thursby, 2000) .
By aggregating research output of economics departments on the country level one arrives at country rankings which are of considerable interest for international comparison and have substantial influence on the ongoing debate in several European countries on how to shape and restructure research and research policy in order to remain, but more often to become, internationally competitive in top-edge research. Dahl (1994, 1996) , or Kocher and Sutter (2001) regard input measures like, e.g., population, manpower in economics or financial resources on the country level for their country rankings. Although input-adjusted country rankings are definitely preferable over those which count only output data, the former strand of literature still exhibits a major shortcoming: Input measures are incorporated by simply weighting output indicators by appropriate input proxies, such as manpower or population, which is a rather crude method of efficiency measurement.
This paper applies a data envelopment analysis (DEA) for a cross-country ranking of top-edge research output in economics. DEA is a linear programming approach, widely used when there are multiple inputs and outputs and one lacks a clear functional relationship between inputs and outputs. Specifically, it is a tool of evaluating relative efficiency, since it first identifies countries on the efficiency frontier and then compares other countries' input-output relationships with those on the frontier. To our knowledge, this is the first paper using DEA to assess the productivity of research in economics for a cross-country study.
2 It allows to rank countries according to their research productivity and to single out the driving forces for inefficiencies.
The remainder of the paper is organized in the following way. Section 2 provides a brief overview of the selected journals and the arguments for their selection.
Additionally, it gives detailed information on the data base. Section 3 shortly reports on prior results and displays a broad-brush picture by applying the traditional method of simply weighting output indicators by input measures. In Section 4 we introduce the DEA-approach and explain our model choices. Section 5 presents the productivity results derived by DEA and discusses the results as well as the sources for inefficiencies in some countries. Finally, Section 6 concludes the paper.
Journal selection and output data base
The choice of an appropriate output measure for evaluating the efficiency of research on the country level is the starting point for our study. Though research output comprises more than that, it is widely agreed upon among economists that the most important part of research output are publications in scientific journals and that the more visible and the higher esteemed those journals are, the higher is the appreciation of a publication therein.
Due to the enormous and ever increasing number of economics journals it is clearly necessary to select a subset of journals to arrive at a tractable data base of research output in economics. The selection procedure in most related studies is more or less arbitrary, which is not an entirely convincing procedure to arrive at a journal sample, because it leaves room for some kind of discretion. 3 Therefore, we rely on an objective measure of a journal's visibility, which permits not much arbitrariness or discretion, since it is readily available for any researcher. The journal impact factors 4 , annually published in the Journal Citations Reports (JCR) by the Institute for Scientific Information since 1977 and based on the SSCI, meet these criteria. We decided to choose the 10 journals in the economics section of the JCR with the highest average impact factor over the time period 1980-1998. 5 By considering almost two decades we want to avoid one of the major shortcomings of several studies in this field, i.e., relying on short time periods such as one to three years. Table 1 gives an overview of the journals included in our sample. The development of impact factors is very stable over the past two decades , which allows us to conclude that the selected journals in this paper stand for foremost visibility of publications in the field of economics. Table 1 scientific contributions. 6 These 7687 entries constitute the data base for our study. We do not involve any kind of weighting for multi-authored papers or multi-institutional affiliations, since it would complicate the computations and has been shown to change results only marginally ). Hodgson and Rothman (1999) report that nearly 80% of authors in 15 leading journals state an institution located in the United States as their current affiliation. Their results are confirmed by Kalaitzidakis et al. (1999) who rely on ten core journals. The high concentration on the institutional as well as on the country level has raised serious apprehension for the innovative potential and variety in the economics profession.
Prior results and stylized facts
Adjusting pure output data with input measures such as population, number of universities with an economics department or manpower devoted to economics changes 6 We exclude the Papers and Proceedings of the American Economic Review, because, generally, papers published therein do not undergo the standard reviewing process, but are invited contributions. the picture significantly (see, e.g., Kirman and Dahl, 1994; Kocher and Sutter, 2001) . The gap between US-based contributions and those of other countries appears by far less alarming. The UK does not fare as outstanding as in a mere addition of publications, whereas the performances of Canada, the Scandinavian countries and some smaller European countries improve considerably. Especially Israel seems to be overwhelmingly productive in economics publications. Most bigger European countries like Germany or Spain obviously loose terrain. (Stigler et al., 1995, p. 332) . Israel: Homepages of economics departments (accessed via: http://ideas.uqam.ca/EDIRC/index.html). Rest: Kirman and Dahl (1994) . For France we took the average of reported manpower (380-730).
Using our data for 1980 to 1998, we can confirm these prior results, as shown in 
The data envelopment analysis (DEA)
The problem we are facing now is how to measure the efficiency -defined by the ratio of outputs to inputs -in the above described situation of multiple inputs. Data envelopment analysis initiated by Charnes et al. (1978) builds on the seminal paper by Farrel (1957) and extends the engineering ratio approach to efficiency measures from a single-input, single-output efficiency to multiple-input, multiple-output situations. In 
The measures of efficiency described by the problems (1) and (2) are "units invariant" -i.e., they are independent of the units in which the inputs and the outputs are measured, provided these units are the same for every DMU.
Replacing the nonnegativity constraints for the weights in (2) The following theorem (Seiford and Thrall, 1990, p. 23) is optimal for (6), and the mapping
is a 1-1 correspondence between the optimal solution of (4) and (6).
It follows from Theorem 1 that both models (4) and (6) yield identical envelopment surfaces and identical sets of efficient and inefficient DMUs. However an inefficient DMU will be projected to different points on the efficiency frontier under the input and output orientations.
Up to this point, we have been dealing with models built on the assumption of constant returns-to-scale (CRS) of activities. Geometrically speaking, all supporting hyperplanes for a CRS efficiency frontier pass through the origin. The extension of the CCR model proposed by Banker et al. (1984) allows to analyze situations where increasing inputs imply more (or less) than proportionally increasing outputs on the efficient production surface and separate them from output increases resulting from the elimination of technical inefficiencies. Using the relationship (7) the (global) technical efficiency (TE) of a DMU is decomposed as
The global or overall inefficiency of a DMU is explained by inefficient operation (PTE) or by the scale effect (SE) or by both.
The characterization of the CCR model as "constant returns-to-scale" model is technically correct but somewhat misleading because this model can also be used to determine whether returns-to-scale are increasing or decreasing. This is accomplished by the following theorem proved by Banker and Thrall (1992) : The relations between BCC and CCR models are described be the following theorem due to Ahn et al. (1989) :
Theorem 3: A DMU 0 found to be efficient with a CCR model will also be found to be efficient with the corresponding BCC model and constant returns-to-scale prevail at DMU 0 .
As mentioned in Section 3 one relevant input factor for measuring productivity of research is the number of inhabitants. However, this variable represents a resource over which a country does not have control and cannot alter its level. Thus, we have a socalled uncontrolled or non-discretionary input variable. According to Banker and Morey (1986) 
Efficiency results
We use a single research output defined by the number of articles published in 10 leading journals in economics (see Section 2). Regarding input factors the number of inhabitants (an uncontrolled variable), manpower in economics and financial resources devoted to economic research would be desirable.
However, it seems next to impossible to obtain reliable and internationally comparable data on financial resources for economic research in different countries.
Therefore, we decided to rely on a country's R & D expenditures in million current PPP $ (Felderer and Campbell, 1995, p. 139) . By taking overall R & D expenditures we implicitly assume that the same proportion of resources is devoted to economics in each country. Since our country sample comprises only highly developed, industrialized countries, this assumption might not be too far off the road. We were able to collect input data for 21 different countries. Table 4 describes the input and output data used in our efficiency analysis. Using these data, we estimated the relative efficiency for both the (output-oriented) CCR and BCC models with population as a non-controllable input variable (IN). For this purpose the objective function (6.1) will be modified as In the CCR model with population as an uncontrolled variable only the USA are efficient and remain in dominant position with remarkable distance to other countries.
Even Canada with the second highest efficiency score should increase the number of publications in the 10 top journals by 76% or from 61 to 107 papers in order to achieve efficiency.
The USA, the only efficient country in the CCR model is also efficient in the BCC The optimal values of j λ in Table 5 ( Table 6 . Table 6 coincide with those in Table 5 , the only exceptions being Sweden, Norway, New Zealand and Finland, which achieve a lower efficiency rating (for the BCC model) than in Table 5 . In the model with population as an uncontrolled variable (Table 5 ) New Zealand was efficient and the slack variable for the population was zero for Sweden, Norway and Finland. It is obvious from the comparison of the two tables that the research output deserves a higher efficiency rating when it has been achieved under a relatively tighter constraint.
Summarizing results in Table 5 and Table 6 one can see that eight countries (USA, Ireland, New Zealand, Canada, Belgium, United Kingdom, Netherlands and Norway) belong to the group of 10 countries with the highest efficiency scores in any of the four models considered. Sweden belongs to this group with the exception of the BCC model without population as an uncontrolled variable, Spain under the assumption of constant returns-to-scale (CCR-model) and Switzerland under variable returns-to-scale (BCCmodel).
In order to see how sensitive the previous results are with respect to the journal and sample period selection we used the data base of Kocher and Sutter (2001) , which contains a broader set of 15 top journals. We took publications in 1992 and 1997 as output. 10 Output figures as well as the corresponding DEA results are given in Table 7 . Table 7 Results of CCR and BCC models with output data from Kocher and Sutter (2001) 10 Kocher and Sutter (2001 ) provide data for 1977 , 1982 , 1987 , 1992 and 1997 Tables 5 and 6 with those of Table 7 , it becomes obvious that the modification concerning our output measures has only minor impact on the country ranking with respect to efficiency in economic research. Referring to the group of 10 countries with best efficiency scores, New Zealand is replaced by Australia in Table 7 . The UK has significantly improved its position and becomes efficient. 11 Austria, for instance, moves up to 11 th place when using the data of Kocher and Sutter (2001 Kocher and Sutter (2001) is the only case where the USA are no longer at the efficiency frontier and hence lose the leading position. In fact, the USA -and also Japan -have decreasing returns-to-scale in this particular model (which has been omitted in Table 7 ). The UK, being at the efficiency frontier have constant returns-to-scale, whereas all other countries operate at increasing returns-to-scale. Results for the models BCC (IN) and BCC can be interpreted in a similar vein.
Discussion and conclusion
The issue of reforming research and education at universities is high on the political agenda in several European countries. The debate always focuses on finding ways to improve efficiency in the academic sector, which is still almost exclusively financed by the public in most (continental) European countries. One of the pronounced aims of reforming the academic sector stated by politicians in Germany and Austria, for instance, is to make researchers working in these countries internationally competitive by improving their efficiency. Despite the ambiguity of the proposed reforms in actually promoting this aim, it is also not clear in the political debate how an efficient research output would (and should) look like.
The academic economic literature on measuring research output has not always been of great help, so far. Many studies (such as Hodgson and Rothman, 1999) have concentrated on measuring output without taking into account any inputs. The merit of these studies lies in providing the mere 'facts' on leading institutions or countries. Other studies (like Dahl, 1994, or Eichenberger et al., 2000) have normalized research output by various inputs such as population or manpower. One of the most important insights of these studies is the fact that relatively small countries 'produce' very much (top) economic research in relation to their small size. This is in particular true for Israel, but also -to a lesser degree -for Belgium, Sweden or Switzerland.
Yet, so far, there has been no attempt to measure efficiency in economic research
by, e.g., estimating a production function. We guess that one reason for the lack of such a study is the fact that a certain production function would be too restrictive, since it might fit some countries rather well, but others only poorly. The approach taken here avoids this possible shortcoming. We have measured cross-country productivity in topedge economic research by using data envelopment analysis (DEA). DEA does not assume a specific functional form of a production function, but measures efficiency of a country relative to all other countries. Each country is accorded the most favorable weighting of inputs or outputs to achieve maximum efficiency, subject only to the restriction that all countries lie on or below the efficiency frontier. We have used two basic, output-oriented models: one with constant returns-to-scale, one with variable returns-to-scale.
Our results confirm by and large the country rankings resulting from previous studies which normalized output by certain inputs. 12 Yet, the DEA-approach allows to make some judgements on efficiency and the sources of inefficiencies, which is not possible by simply normalizing research output by input indicators. The United States remain the most efficient country in producing top research in economics. One consequence of this is the steady 'flow' of Nobel prize awards to US-based researchers.
However, some smaller countries are not far behind. Especially, in all the models with variables returns-to-scale also Ireland, a comparatively very small country, is efficient in top-edge research. Belgium, the Netherlands, Norway or New Zealand (the latter country being fully efficient when population is included as uncontrolled variable) have also high efficiency scores. The UK, typically considered the second most important nation in economic research, is only efficient when a broader data set, including publications in The Economic Journal, is taken into account. Relatively large and very wealthy countries such as Germany or Japan come out very inefficient, clearly indicating a need for reforms in the academic sector of those countries-provided international competitiveness and efficiency is a serious political goal.
This paper should serve as a starting point for an appropriate measurement of efficiency in economic research across countries. One of its limitations is the use of proxies for manpower in economic research as well as for financial resources devoted to economic research. Better -and internationally consistent -input data would clearly be desirable to obtain a finer-grained picture of the sources of (technical or scale)
inefficiency. An interesting avenue for further research, then, would be to investigate how possible inefficiencies could be tackled best.
